Background: The neutrophil to lymphocyte ratio (NLR) was recently shown to be a remarkable prognostic factor in tumors. Moreover, some studies have indicated that the combination of NLR and platelet to lymphocyte ratio (PLR) could be a better prognostic factor. As the combined prognostic value of NLR and PLR in non-small cell lung cancer (NSCLC) is not clear, we conducted this study to explore this further. Methods: A total of 366 primary NSCLC patients with stage III or IV were finally included. The neutrophil, platelet, and lymphocyte counts were recorded before treatment was initiated. NLR and PLR were calculated and NLR > 2.68 or PLR > 119.50 was defined as elevated. Univariate and multivariate survival analyses were conducted to test their prognostic value. Results: The median of NLR and PLR were 3.14 and 152.63, respectively, in all patients. It was indicated that PLR is linearly associated with NLR. PLR is associated with survival, but is not an independent prognostic factor. Removing NLR, PLR is an independent prognostic factor (overall survival [OS]: hazard ratio [HR] = 1.918, P = 0.003; progression-free survival [PFS]: HR = 1.822, P = 0.007 in condition of NLR ≤ 2.68). It was also indicated that elevated NLR is an independent prognostic factor (OS: HR = 1.778, P = 0.009; PFS: HR = 1.535, P = 0.022) in all patients. Conclusions: PLR is a useful complement of NLR, thus, advanced NSCLC patients could be divided into three prognostic groups prior to treatment: poor: NLR > 2.68; moderate: NLR ≤ 2.68 and PLR > 119.50; and good: NLR ≤ 2.68 and PLR ≤ 119.50.
Introduction
Regardless of the fact that a number of biomarkers have been found to be related to the prognosis of non-small cell lung cancer (NSCLC), they are still not routinely used in clinical practice, partially because of high costs or the lack of sufficient evidence and standardization. 1 Thus, it is worthwhile and necessary to make full use of routine clinical analysis to better predict prognosis. Increased systemic inflammatory response (SIR) has been demonstrated to be associated with poor prognosis and some parameters of SIR can easily be obtained in clinical practice. 2 A recent high-quality metaanalysis indicated that the neutrophil to lymphocyte ratio (NLR), a SIR indicator, was a prognostic factor in different solid tumors, including NSCLC. 3 Despite this, patients with elevated NLR could only account for 25-55% of all NSCLC patients and the number of patients with no elevated NLR could not be further stratified. 4, 5 Therefore, NLR optimization is necessary.
Platelet to lymphocyte ratio (PLR), another SIR indicator based on routine blood analysis, was also shown to be associated with survival in NSCLC patients. 6, 7 A number of studies have demonstrated that the platelet is a complement of neutrophil in cancer angiogenesis and metastasis. 8, 9 In other studies, it was also shown that the combination of NLR and PLR (CNP) and the combination of platelet count and NLR (COP-NLR) were better predictors of survival in patients with esophageal and colorectal cancers. 10, 11 Until now, no study has been conducted to evaluate the combined value of NLR and PLR in NSCLC patients. The aims of this study were to identify the combined prognostic value of NLR and PLR in NSCLC patients and whether PLR could make NLR a better prognostic indicator.
Materials and methods

Patient selection
This study was conducted at the Department of Respiratory Medicine, Jinling Hospital (Nanjing, China) and was approved by the Jingling Hospital's Institutional Review Committee on Human Research. We conducted this retrospective study comprising 366 patients diagnosed with NSCLC from January 2007 to August 2012. The inclusion criteria were: (i) all included patients received no chemotherapeutics before routine blood and C-reactive protein (CRP) analysis; (ii) patients were diagnosed as primary NSCLC by pathologic examination (histology and/or cytology examination) and staged according to the tumor node metastasis (TNM) criteria of NSCLC (Union for International Cancer Control, 7th edition); and (iii) patients were diagnosed with stage IIIB or IV, including those in stage IIIA who were not suitable for surgery. The TNM stage assessment was based on computed tomography (CT) scans of the thorax and upper abdomen, magnetic resonance imaging (MRI) or CT scans of the brain, and bone emission CT scans. Patients with a history of other tumors and autoimmune diseases, evidence of current infection, or treated with immunomodulation drugs, were excluded from this study. A total of 384 patients were primarily enrolled and 18 patients were excluded: one patient had been diagnosed with renal pelvic carcinoma; two had been diagnosed with connective tissue disease; seven patients had received immunomodulation up to one month before blood analysis; and eight patients had current fungal or bacterial infections. Finally, 366 NSCLC patients were included in this study.
Clinical data collection
Patients' demographic data were recorded at admission. Data on blood cell counts and CRP were extracted in a retrospective fashion from the electronic medical records database. All data were recorded before diagnosis or one day prior to chemotherapy. Progression-free survival (PFS) was defined as the time from chemotherapy initiation until disease progression or death of any cause before disease progression. Overall survival (OS) was defined as the time from chemotherapy initiation until the time of death by any cause or the time of last follow-up (23 December 2013). The peripheral blood cell counts were measured with a hematology analyzer (Sysmex XE2100, Sys-mex, Kobe, Japan).
Neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and combination NLR and PLR (CNP) evaluation
The NLR was defined as the ratio of absolute neutrophil count divided by the absolute lymphocyte count, and PLR was defined as the ratio of absolute platelet count divided by the absolute lymphocyte count. Receiver operating characteristic (ROC) curves were separately plotted to verify the optimum cut-off point for NLR and PLR. As shown in Figure 1 , the optimum cut-off values for NLR and PLR were 2.68 and 119.50, respectively. Patients were divided into four Figure 1 The receiver operating characteristic (ROC) curves for (a) neutrophil to lymphocyte ratio (NLR) (b) and platelet to lymphocyte ratio (PLR) in nonsmall cell lung cancer patients. 
Statistical analysis
All statistical analyses were performed using Predictive Analytics Software (PASW) Statistics 18.0 (IBM Corporation, 
Results
Baseline patient characteristics
A total of 366 stage III and IV NSCLC patients were finally included in this study. As shown in Table 1 , 246 of the 366 patients were male and the majority of patients (88.25%) were aged between 45 and 80 years old. The median NLR and PLR were 3.14 and 152.63, respectively, in all patients. The median OS and PFS were 359 and 165 days, respectively. Of the 366 patients, 237 had never smoked. Diagnoses included: 237 patients with adenocarcinoma (AC) and 119 with squamous carcinoma (SCC). There were 80 patients with TNM stage III and 286 patients with TNM stage IV.
NLR and PLR analysis
According to the area under the curve (AUC) in Figure 1 , the cut-off value is 2.68 with a sensitivity of 0.683 and a specificity of 0.586 for NLR, and 119.50 with a sensitivity of 0.730 and a specificity of 0.445 for PLR. PLR is moderately linearly associated with NLR ( Fig. 2 , R = 0.644, P < 0.001). NLR gets better specificity (0.586 vs. 0.445) and PLR gets better sensitivity (0.730 vs. 0.683). We divided patients into four groups: group 1: NLR ≤ 2.68 and PLR ≤ 119.50, n = 87; group 2: NLR ≤ 2.68 and PLR > 119.50, n = 37; group 3: NLR > 2.68 and PLR ≤ 119.50, n = 66; and group 4: NLR > 2.68 and PLR > 119.50, n = 176. Among the patients, 213 (58.20%) had an NLR > 2.68 and 242 (66.12%) had a PLR > 119.50. The distribution of clinical characteristics for different groups based on NLR and PLR is presented in Table 1 .
There are no clinically significant differences among the four groups, except for gender (P = 0.007), smoking status (P = 0.024), histology (P = 0.016), and tumor stage (P = 0.018). Elevated NLR or PLR is associated with neutrophil (P < 0.001) and platelet counts (P = 0.003), but not with lymphocyte count (P = 0.109). Elevated NLR and PLR are associated with increased CRP (P < 0.001) and decreased OS (P < 0.001) and PFS (P < 0.001).
Survival analysis
To verify possible prognostic factors, we conducted univariate survival analyses of OS and PFS. Gender (P = 0.023), age (P = 0.006), smoking status (P = 0.005), tumor stage (P = 0.001), node stage (P = 0.017), metastasis stage (P < 0.001), TNM stage (P = 0.001), neutrophil count (P = 0.001), NLR (P < 0.001), PLR (P = 0.003) and CRP (P < 0.001) are possible prognostic factors ( Table 2 ). The Kaplan-Meier survival curves in Figure 3 also indicate that elevated NLR and PLR are associated with decreased OS and PFS. We then conducted multivariate survival analyses of OS and PFS using the same factors to verify independent prognostic factors. As TNM stage is the combination of T, N, and M stages, it was not included in multivariate survival analyses. As shown in Table 3 , NLR is an independent prognostic factor (OS: P = 0.009; PFS: P = 0.022) while PLR is not (OS: P = 0.705; PFS: P = 0.309). Previous studies have conflicting results on PLR in multivariate survival analyses. Some have reported that PLR was an independent prognostic factor in NSCLC, 6 ,12 while others have not. 13 In our present study, more patients were involved than any previous study by our group and NLR is included in the multivariate survival analyses. As NLR is moderately linearly associated with PLR, we speculated that NLR might partially neutralize the effect of PLR and, thus, conducted further analyses. Correlation between neutrophil to lymphocyte ratio (NLR) and platelet to lymphocyte ratio (PLR) in non-small cell lung cancer patients. There was a positive correlation between NLR and PLR: r = 0.644, P < 0.001.
Systemic inflammation and NSCLC
G. Wu et al. AC, adenocarcinoma; CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio; NLR, neutrophil to lymphocyte ratio; NSCLC, non-small cell lung cancer; OS, overall survival; PFS, progression-free survival; PLR, platelet to lymphocyte ratio; SCC, squamous carcinoma; TNM, tumor node metastasis.
To further explore the association of NLR and PLR, we conducted Kaplan-Meier survival curves of PLR in NLR elevated patients (NLR > 2.68) and NLR non-elevated patients (NLR ≤ 2.68). Elevated PLR is associated with decreased OS and PFS only when NLR is ≤2.68 (Fig. 4) . These results indicated that PLR might be a complement of NLR, thus, we conducted further multivariate survival analyses of OS and PFS in patients with an NLR ≤ 2.68. As shown in Table 4 , PLR is an independent prognostic factor (OS: P = 0.020; PFS: P = 0.035) when NLR is ≤ 2.68. As shown in Table 1 , there is a significant decrease in OS and PFS in PLRelevated patients compared with PLR-non-elevated patients , To verify the reliability of the combination of NLR and PLR in survival indication, involved patients were divided into 2 randomized groups and Kaplan-Meier survival curves were plotted in both groups. It was shown that the log rank P value was less than 0.005 in either group (Fig. 6 ) and this model is reliable.
Discussion
In this study, we demonstrate that PLR, which is moderately linearly associated with NLR, is a complementary prognostic factor of NLR when NLR is not elevated for the first time. Patients with PLR > 119.50 had poorer survival than patients with PLR ≤ 119.50 when NLR is ≤2.68.We also confirmed that elevated NLR (NLR > 2.68) is independently associated with poor survival in stage III and IV NSCLC patients. Thus, advanced NSCLC patients were divided into three prognostic groups prior to treatment with combinations of NLR and PLR.
Since 2007, NLR has been investigated in a number of tumors by over 100 separate studies. Over half of these were AC, adenocarcinoma; CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio; NLR, neutrophil to lymphocyte ratio; NSCLC, non-small cell lung cancer; OS, overall survival; PFS, progression-free survival; PLR, platelet to lymphocyte ratio; SCC, squamous carcinoma; TNM, tumor node metastasis.
published in the last two years. 3 PLR, another systemic inflammatory indicator, has also been revealed to be a survival indicator in different types of tumors. [14] [15] [16] Recent metaanalyses of NLR 3 and PLR 17 have also verified that elevated NLR or PLR is associated with poor survival. In NSCLC, 14 studies on NLR and five studies on PLR have been conducted to evaluate their prognostic value (Table 5) . [4] [5] [6] [7] 12, 13, [18] [19] [20] [21] [22] [23] [24] [25] [26] These studies used different criteria of elevated NLR and elevated PLR and the number of included patients varied from 23 to 388. Most of these studies used a value of 5.0 for NLR as the threshold. Using this value may obtain ideal specialty but poor sensitivity, and a considerable number of patients with increased risk of death might be excluded from the NLR elevated group. Thus, we conducted ROC curves and obtained a cut-off value of 2.68 for NLR, which is very close to our previous study. 5 Among the five previous studies of PLR in NSCLC demonstrating that elevated PLR is associated with decreased survival, only two studies reported that PLR is a potential independent survival indicator by multivariate survival analyses. It seems that other factors might have an influence on PLR. Our study indicated that PLR is not an independent prognostic factor in all NSCLC patients. This may be because of the different staging of included patients (III or IV vs. II or III) and the addition of NLR in multivariate survival analyses. As PLR is linearly associated with NLR (Fig. 2) , we further analyzed the influence of NLR on PLR. We found that elevated PLR was independently associated with poor survival in patients with NLR ≤ 2.68. As shown in Figure 4 (a & c) , PLR enables us to distinguish patients that should be defined as "low risk," because their NLR was not elevated. Thus, PLR is a useful complement to NLR in NSCLC in this sense, and makes discrimination of patients with "moderate survival" possible.
Although a number of studies have been conducted on NLR and/or PLR in NSCLC, few of them have studied the association of NLR and PLR in NSCLC patients. Furthermore, previous studies have revealed that the combination of platelet count and NLR 10 and the combination of PLR and NLR 6 were better than NLR alone. In our study, we found that the combination of platelet count and NLR was no better than NLR in NSCLC patients (Fig. 5) ; however, using the combination of PLR and NLR, PLR could further stratify the Ia-IIIa, 34 % Ia; 50 % male; 60 % AC § ; all underwent surgical resection †It was investigated but not offered; ‡It was not investigated in this study; §The largest portion of histological sub-type was presented; ¶The largest portion of non-small cell lung cancer (NSCLC) stage was presented; £This author conducted two studies in this field and the latter with more patients was chosen. AC, adenocarcinoma; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; SCC, squamous carcinoma.
patients with poor survival with NLR ≤ 2.68. In survival analysis, no significant difference was found between PLR elevated and PLR non-elevated patients when NLR is > 2.68. However, poorer survival rates were found in PLR elevated patients than in PLR non-elevated patients when NLR is ≤2.68. This indicated that an elevated NLR partially offset the effect of PLR on survival prediction. Thus, we speculated that PLR was a complementary prognostic factor of NLR, but not an independent prognostic factor in all advanced NSCLC patients and the combination of PLR and NLR was a better prognostic indicator than NLR alone.
Chronic inflammation has long been proven to contribute to cancer initiation and progression in a number of studies.
2,27-29 Neutrophils, lymphocytes, and platelets are the three main subpopulations in peripheral blood. Neutrophils play the role of a double-edged sword in tumor progression. Previous studies have indicated that although CD11b + /Ly6G + tumor-associated neutrophils (TANs) are cytotoxic to tumor cells, the tumor microenvironment could also induce protumor phenotype TANs by tumor growth factor -beta (TGFbeta) 30 and, thus, increase tumor angiogenesis. 31 It has also been demonstrated that circulating neutrophils could promote metastasis by the release of neutrophil extracellular Figure 6 Verification of the combination of platelet to lymphocyte ratio (PLR) and neutrophil to lymphocyte ratio (NLR) in non-small cell lung cancer. Patients were divided into two groups at random and Kaplan-Meier survival curves of progression-free survival (PFS) and overall survival (OS) were plotted by the combination of PLR and NLR. (a) PFS in randomized group 1, P = 0.002; (b) OS in randomized group 1, P < 0.001; (c) PFS in randomized group 2, P = 0.001; and (d) OS in randomized group 2, P = 0.001.
, traps (NETs), sequestering circulating tumor cells. 8 On the other hand, CD8
+ T cells are shown to be key modulators of cytotoxic to tumor cells caused by neutrophils. 30 Other subpopulations of lymphocytes, including T helper and NK cells, are also key anti-cancer cells affecting growth and/or metastasis in different cancers. [32] [33] [34] This might partially explain why an elevated NLR is associated with poor survival. Furthermore, previous studies have demonstrated that platelets, another population of pro-inflammatory cells, might interact with neutrophils and contribute to the release of NETs. 35 This might also partially explain the mechanism that PLR complements NLR.
Our present study confirmed the previous study by our group and the recent meta-analysis, which indicated that NLR is a potential biomarker of shorter PFS and OS for advanced NSCLC patients. 3, 5 There are some differences between our two studies. One main difference is that CRP was an independent prognostic factor in the present study, but not in the previous study. This might be a result of different inclusion criteria and the addition of PLR and other factors in the multivariate survival analyses. Some other recent studies have also demonstrated that elevated CRP is independently associated with poor survival. 36 This study was a single-center, retrospective study and the number of included subjects was moderate to small. However, we confirmed our previous findings by involving more patients, and, for the first time, found that PLR could stratify patients with non-elevated NLR. The clinical utility of NLR and PLR still needs to be confirmed by future prospective analysis.
Conclusion
In summary, we have demonstrated that PLR is a useful complement to NLR. Using the combination of NLR and PLR, advanced NSCLC patients were able to be divided into three different prognostic groups prior to treatment: poor (NLR > 2.68), moderate (NLR ≤ 2.68 and PLR > 119.50) and good survival (NLR ≤ 2.68 and PLR ≤ 119.50). Future well-designed, prospective studies are needed to verify this conclusion.
